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(54) Leaf springs of fibre-rein- 
forced plastics 

(57) A leaf spring of fibre reinforced 
resin has first and second layers 
1 8, 1 9 of fibres lying longitudinally 
of the spring and a spacer element 
20 of randomly orientated fibres 
spacing such layers from one 
another in the direction of bending 
of the spring. The layers 18, 19 
contain carbon fibres, whilst the 
spacer element 20 contains glass 
fibres. 
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SPECIFICATION 

Composite springs 

5 This invention relates to leaf springs, and to a 
method of making such leaf springs from a 
composite fibre reinforced synthetic resin ma- 
terial. For convenience hereafter, such a 
spring will be referred to as a composite 
10 spring. 

According to one aspect of the present 
invention, we provide a composite spring 
comprising first and second layers of fibres at 
least the majority of which are orientated to 
15 lie longitudinally of the spring, and a spacer 
element of randomly orientated fibres there- 
between in at least the central part of the 
length of the spring to space said layers from 
one another in the direction of bending of the 
20 spring, all said fibres being incorporated in a 
matrix of cured synthetic resin. 

The fibres of said first and second layers 
may include or entirely comprise carbon 
fibres, while the fibres of said spacer element 
25 are glass fibres. 

By randomly orientated fibres, we mean 
that the fibres may be truly randomly orien- 
tated in three dimensions, or may be ran- 
domly orientated generally in two dimensions 
30 only, i.e. longitudinally and transversely of the 
spring but not in the direction of bending of 
the spring. 

Various forms of end fitting to permit at- 
tachment of the spring to, for example, a 
35 motor vehicle, may be provided, and several 
embodiments of such end fittings are de- 
scribed hereinafter. 

According to another aspect of the present 
invention, we provide a method of making a 
40 composite spring comprising applying to a 
former at least one layer of fibres at least the 
majority of which are orientated to lie longitu- 
dinally of the spring, applying thereto a pre- 
formed spacer element of randomly orientated 
45 fibres in a resin matrix, applying thereto at 
least one further layer of fibres the majority of 
which are orientated longitudinally of the 
spring, impregnating the fibres before, during 
and/or after their application to the former 
50 with resin, and subjecting the resulting assem- 
bly of fibres to treatment to cause the resin to 
set and form the composite spring. 

Preferably the assembly of fibres with the 
resin in an uncured or partially cured condi- 
55 tion is removed from the former and intro- 
duced into a mould wherein heat and pressure 
are applied to cure the resin and form the 
spring to the required shape. 

Usually, leaf springs, particularly for appli- 
60 cation to motor vehicles, are required to be of 
a curved shape, and in order to achieve such 
a shape the former to which the fibres are 
applied preferably is itself of the required 
curve, e.g. part elliptical, shape. By this 
65 means, deformation of the assembly of fibres 



in the curing mould is not required, thereby 
ensuring in the finished composite spring the 
correct fibre orientation in the respective lay- 
ers, corresponding to that in which the fibres 

70 initially are applied to the former. 

Also, typically, leaf springs are required to 
be of tapered configuration in that a spring is 
thicker, in the direction of bending, in its 
centre region that at its ends. To achieve this, 

75 the invention provides that the pre-formed 
spacer element may be of such tapered confi- 
guration. 

The method may comprise applying the 
fibres to the former in a sufficient width to 

80 form a plurality of individual springs, the 
resulting assembly being cut longitudinally 
into individual springs subsequent to the cur- 
ing thereof. 

The method may include forming, adjacent 

85 an end of the spring, a transversely extending 
groove formation to provide a point for attach- 
ment of the spring to a part of a motor 
vehicle. Alternatively, a metal eye component 
or the like may be incorporated in the fibre 

90 structure of the spring adjacent each end 

thereof, to provide for such attachment. Vari- 
ous forms of such end fittings are decribed 
hereafter. 

The invention will now be described by way 
95 of example with reference to the accompany- 
ing drawings, of which:- 

Figure 7 is a diagrammatic representation of 
apparatus 1 5 with which a spring may be 
manufactured in accordance with the method 
100 of the present invention. 

Figure 2 is a view in cross section of a 
spring manufactured by the method of the 
invention. 

Figures 3 and 4 are views respectively in 

105 plan and elevation of one end of a spring. 

Figures 5 to 1 7 respectively show further 
different end configurations for springs. 

Referring firstly to Fig. 1 of the drawings, 
there is illustrated apparatus for making com- 

110 posite springs in accordance with the method 
of the present invention. The apparatus com- 
prises a former 1 0 of elliptical shape, rotata- 
ble about an axis 1 1 at its centre. Layers of 
fibres can be wound onto the elliptical surface 

1 1 5 of the former by rotating the former, the fibres 
being drawn from supply reels 12, 1 3 by way 
of guides 14, 15, respectively. The guides 
may provide for tensioning of the fibres to be 
applied to the surface of the former. 

1 20 In order to build up a composite spring on 
the former, according to the present inven- 
tion, the surface of the former firstly has 
applied thereto at least one layer of fibres the 
majority of which fibres extend longitudinally 

1 25 of what is to be the finished spring, i.e. 
tangentially to the elliptical surface of the 
former 10 as the fibres are applied thereto. 
Such fibres may be applied in the form of 
tapes or the like stored on reels 1 2 and 1 3, it 

1 30 being appreciated that there may be fibres 



extending laterally of the direction in which 
fibres are applied to the former 10 to consti- 
tute weft fibres in which maintain the form of 
the tapes. These fibres may be preimpreg- 
5 nated with synthetic resin, e.g. epoxy resin in 
an uncured or partially cured state, or such 
resin may be applied to the fibres as they are 
applied to the former 10. 

When a sufficient quantity of fibres are built 
10 up upon the former, to form what is to be one 
surface layer of each finished spring, spacer 
elements pre-formed from randomly orientated 
fibres in a resin matrix are applied to the 
former 10. Each spacer element is of tapered 
1 5 form having a relatively thick central region 
tapering to thin end regions. Futher layers of 
fibres to the desired thickness are then built 
up by further winding on the former 1 0. 
When the desired quantities of fibres are 
20 applied to the former, the resulting assembly 
is cut at the ends of the former 10 by an 
appropriate blade being operated in slots 1 6, 
1 7 at the end of the former 1 0. This gives 
two individual part-elliptic leaf springs which 
25 are transferred to appropriate moulds where 
heat and pressure are applied to cause the 
synthetic resin to set and complete manufac- 
ture of the spring. 

The fibres which are applied longitudinally 
10 of each spring may include or even be wholly 
formed from high strength fibres, e.g. carbon 
fibres. For example, carbon fibres may be fed 
from reel 1 2 and the glass fibres from reel 1 3 
to the former 1 0. The randomly orientated 
'5 fibres of which the spacer element is consti- 
tuted may be glass fibres, e.g. in the form of 
layers of chopped strand mat, which means 
that such fibres are not truly randomly orien- 
tated in three dimensions but are randomly 

0 orientated in directions longitudinally and 
transversely of the spring. 

The spring construction resulting from this 
method is shown diagrammatically in Fig. 2. 
Thus the spring, of part elliptic form, com- 

5 prises upper and lower "skins" 18, 1 9 of 
longitudinally orientated fibres, and the spacer 
element 20 of random fibres. When*such a 
spring is loaded in the bending mode, the 
longitudinally orientated fibres of^the outer 

) portions 1 8, 1 9 are responsible for most of 
the load-deflection characteristics of the 
spring, while the fibres of the spacer elements 
20 make little contribution to this. 

It has been found however, that a spring 

1 constructed in accordance with the present 
invention presents certain advantages if it 
should be subjected to a greater load than 
that for which it has been designed. In parti- 
cular it has been found that the mode of 
failure of such a spring when overloaded is 
that of breakage of the randomly orientated 
firbre spacer element rather than o v f the skin 
portions, the result being a sudden change in 
the characteristics of the spring but not com- 
plete breakage thereof, such catastrophic fail- 



ure of a spring could be extremely serious if it 
occurred in a motor vehicle, possibly leading 
to sudden loss of control of the vehicle, 
whereas the mode of failure of a spring manu- 

70 factured in accordance with the present inven- 
tion is potentially much safer if it occurred 
due to overloading of a vehicle. 

If desired, the width of the former 10 upon 
which the springs are shaped may be suffici- 

75 ent to provide for a plurality of such springs to 
be made in one operation of applying fibres to 
the former. In this case, subsequent to the 
curing of the resin impregnating the fibres, 
the assembly may be cut longitudinally to 

80 produce a number of individual springs 
Referring now to Figs. 3 and 4 of the 
drawings, there is illustrated one manner in 
which the end of a spring may be formed to 
permit its attachment to a spring supporting 

85 suspension component of a vehicle. In this 
embodiment, the end portion of the spring is 
indicated at 21, and is formed, in the mould- 
ing process by which the resin imprgnating 
the fibres is cured, with a transversely extend- 

90 ing groove 22 of part circular cross section. A 
metai eye 23 can then be secured to the 
spring by upper and lower half clamps 24, 25 
which are clamped together by bolts 26. Two 
bolts 26 are used on either side of the spring 
95 21 at the end of the clamp which is towards 
the centre of the spring, so that it is not 
necessary to perforate the spring in this re- 
gion, although a single bolt 26 which does 
penetrate the spring can be used at the free 
1 00 end thereof. An appropriate bolt or pin can 
then be passed through the eye 23 to secure 
the spring to the relevant suspension compo- 
nent. 

Referring now to Fig. 5 of the drawings, 

105 there is illustrated the end of a spring 28 in 
which is incorporated a metal insert 29 with 
an aperture 30 providing for attachment to a 
suspension component. This is made by intro- 
ducing the insert between the upper and 

1 10 lower layers 31, 32 of longitudinally extend- 
ing fibres of the spring, and then, during the 
process of curing the resin of the spring, 
placing the assembly between mould or die 
elements 33, 34 which are pressed together 

1 1 5 so that the insert 29 is, in effect, moulded 
into the end of the spring. With such a 
construction, no additional clamp elements or 
the like are necessary to secure the spring to a 
vehicle, a bolt merely being passed through 

1 20 aperture 30. Further alternative forms of in- 
sert for such an assembly are depicted in Figs. 
6 to 8. In Fig. 6, an insert of hexagonal form 
is shown, between correspondingly shaped 
die elements. In Fig. 7 r the insert is offset 

125 with respect to the neutral axis of the spring 
so that the lower side of the spring presents 
an uninterrupted flat face, to permit the use of 
the spring with another full length leaf spring 
in a multi-leaf spring. In Fig. 9, the insert is 

1 30 bonded to one side of the spring only, i.e. is 
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not totally enclosed in the fibres of the spring. 

The spring end configurations of Figs. 5 to 
7 are designed so that if failure occurs due to 
tensile overload, such failure will occur at the 
5 interface between the structural skin of the 
spring and the spacer elements incorporated 
therein, the skin layers of the spring remain- 
ing intact and retaining the moulded insert in 
position. Catastrophic failure at the free end of 

10 the spring is thus avoided. 

Referring now to Figs. 9 and 10 of the 
drawings, these show further arrangements by 
which the end portion of a spring, formed 
with a transversely extending groove by the 

1 5 method of the present invention (as depicted 
in Figs. 3 and 4) may be provided with means 
for attaching to to suspension components of 
a vehicle. In Fig. 10, a bush comprising an 
outer metal element 35, a circular eye 36, 

20 and an intermediate bonded elastomeric ele- 
ment 37, is secured to the end of the spring 
by a half clamp 38. In Fig. 1 1, a metal eye 
39 incorporated in an elastomeric bush 40 
which does not have a metal outer element is 

25 secured to the spring by clamps 41, 42. 

Referring now to Fig. 1 1 of the drawings, 
in this embodiment the end portion of the 
spring is split, between its upper and lower 
layers of longitudinally extending fibres, by 

30 insertion of a composite wedge 43 prior to 
curing of the spring. This serves to retain the 
spring captive within an elastomeric insert 44 
in a metal sleeve 45, subsequently applied to 
the spring, and the spring would be secured 

35 to a vehicle by reception of sleeve 45 in a 
suitable socket on the vehicle- 
Fig. 14 is an embodiment generally similar 
to that of Fig. 1 1, with the difference that the 
end portion of the spring, which is split and 

40 has a composite wedge inserted, is held 
within a metal or synthetic resin cylindrical 
element 46 which is held within a metal 
sleeve 47 with the intermediary of elastomeric 
insert 48. 

45 In Fig. 12, the end of the spring is split and 
has a composite wedge inserted as for Figs. 
1 1 and 14, but in this case is retained in a 
metai bush 49 of generally U section with the 
intermediary of an elastomeric insert 50. The 

50 metal bush 49 is provided with apertured 
flanges 51 for attachment purposes. 

Fig. 13 shows a construction somewhat 
similar to that indicated diagrammatically in 
Fig. 7, with an insert 52 incorporated in the 

5 5 end of a leaf spring, between the respective 
skin layers 53, 54 of longitudinally orientated 
carbon fibres and within spacer layer 55 of 
randomly orientated glass fibres. The insert 
may be itself of a composite material, and 

60 incorporate a metal-rubber-metal bush 5 6 for 
attachment purposes and itself be apertured 
as at 57 for lightness. 

Referring now to Figs. 1 5 and 16, these 
are respectively plan and elevation of a further 

65 configuration of spring end. This has the 



spring, with skin layer of fibres 60, 61 and 
spacer layer 62, formed as a step at 63. A 
metal element 64 has welded to it a hollow 
cylindrical bush 65, and is secured to the 

70 spring by a single clamping bolt 66 at the 
free end of the spring and three bolts 67, 68, 
69, engaging with a clamping plate 70, to- 
wards the centre of the spring, it is to be 
noted that the bush 6 5 does not actually 

75 contact the material of the spring. 

In the embodiment of Fig. 1 7, the spring 
71 is, as for Figs. 1 5 and 16, bent to afford a 
step but in this embodiment an element 73 
including a portion 72 affording a transverse 

80 aperture is held to the spring by bolts 74, 75 
extending through the spring. The element 73 
has a shape which closely follows the step in 
the spring to reduce the possibility of relative 
movement between it and the spring, and to 

85 withstand loads longitudinally of the spring. 

CLAIMS 

1 . A composite spring comprising first and 
second layers of fibres at least the majority of 

90 which are orientated to lie longitudinally of 
the spring, and a spacer element of randomly 
orientated fibres therebetween in at least the 
central part of the length of the spring to 
space said first and second layers from one 

95 another in the direction of bending of the 
spring, all said fibres being incorporated in a 
matrix of cured synthetic resin. 

2. A spring according to Claim 1, wherein 
the fibres of said first and second layers at 

100 least partially comprise carbon fibres. 

3. A spring according to claim 1 or Claim 
2, further comprising at at least one end 
thereof a member disposed between said first 
and second layers of fibres, said member 

105 affording a transversely extending aperture for 
receiving an attachment fastening element. 

4. A spring according to Claim 1 or Claim 
2 formed adjacent at least one end thereof to 
define a transversely extending recess or 

1 10 groove, a member affording an attachment 
aperture being held to such recess or groove 
by a clamping element. 

5. A method of making a composite 
spring comprising applying to a former at 

1 1 5 least one layer of fibres at least the majority of 
which are orientated to lie longitudinally of 
the spring, applying thereto a pre-formed spa- 
cer element of randomly orientated fibres in a 
resin matrix, applying thereto at least one 

1 20 further layer of fibres the majority of which 
are orientated longitudinally of the spring, 
impregnating the fibres before, during, and/ 
or after their application with resin, and 
subjecting the resulting assembly of fibres to 

1 25 treatment to cause the resin to set and form 
the composite spring. 

6. A method according to Claim 5 where- 
in the assembly of fibres, with the resin in an 
uncured or partially cured condition, is re- 

1 30 moved from the former and introduced into a 



mould wherein heat and pressure are applied 
to cure the resin and form the spring of the 
required shape. 

7. A method according to Claim 5 or 
Claim 6 wherein the pre-formed spacer ele- 
ment is of tapered configuration. 

8. A method according to any of Claims 
5, 6, or 7 comprising applying the fibres to 
the former in sufficient width to form a plural- 
ity of individual springs, and cutting the as- 
sembly longitudinally subsequent to curing 
thereof. . 

9. A spring according to Claim 1 or Claim 
2 having an end formed to define a trans- 
versely extending step, and a member afford- 
ing an attachment aperture secured to the 
spring at said step with a surface conforming 
to the spring at said step. 

10. A spring according to Claim 1 or 
Claim 2 having an end portion which is of 
increased thickness to retain the spring in an 
attachment member. 

11. A spring substantially as hereinbefore 
described with reference to and as shown in 
Fig. 2, or any of Figs. 3 to 1 7, of the 
accompanying drawings. 

1 2. A method of making a composite 
spring, substantially as hereinbefore de- 
scribed. 
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